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THE PROBLEMS df THE ENCRGY DISSIPATI.
SYJTEMS I SPACECRAFT PILTOVERY

By. Lioyd J. Fishei

Several aspects of earih: l2nding requiremei:ts for manned

space vehicles are being,inveétigated by Langley Rascarch Center.

The ¢haracter of research undertakes consists of experimental

and analytical sturiies of the tusdameria! energy dissipation
capébi?ities of ﬂatéria!s and methods and df the ianding
Jharacteristics of space vehicles having va~ious landiag systems,
‘The reauiremeriz generally placéd on the crerg, dissipation
system are that the landinj acceleritions ard landing wotior.
resulting from cont -t witn the landisg surface, be kept

within tolecabic limi.- buth for accrrpan’ s of the vehicle

and for the vehicle structure. For man in space flight tie
rnon=emergescy limit has ki=n placed soméwtere near 2Jg's
mavfm:# ac~:taration and éSOq's/séc. onsét rate o; acceleration.
The sﬁaqecr;ft has been permitted to susta’n some smai: demage.
Hercury vehizles weré rot intended for reuse v::X some of rhe
orvher vehicles wuch as Remini, will oe reises. In any case,
b§t$ frdmhtﬁe standpoint of safet, ¥c  the ;st:onuut ard for
maintainiag ine ’ntegréty of the spacezratc, jjolet schavior

or: landing should b2 avoidad.’

We ars currentiy investiget'ng landing impact cnergy

 dissipation systems for the jpnilo =arti, tanding mdale

§imul§ting a parachute type ‘anding. Ve are wiavirg the



k.

‘compietion of a brief modcl investigatior of the landing

icads and stabiliiv characteristics of a Saturn booster

recovered on a h-rd surface rvnway ~= simulating » paraglider
type landing, Investigation will be staried scon on,the

-
-

tchinag chavacte rcst-cs of the Gemin] venlcle, uhuch W!sl

- . .. - e

-also sinutate a paraonnue- Taiuing. T~ vimi tRd program is

- underway on the use of certain mzterials as energy dissipators.

Ou+ cqrrent_enphasis i; the materiaé> péﬁgram i on ma?erials.>
Tor the.frangible:meta! tube dissipator,'ang we ar: planning
soue wok on foamed metals as ereray dissfpators. Sinée tﬁe
fragmenting tube process is probab.y not familiar tc eve: ycne,

1

‘he flrst silde lllastratc: the ersentnal comPOnents of this

. syStem. An example of a frangnble—tube lnsta!sat:on cculd b2

a hard alumirum-alloy tube such as this attached to a vehicle,

and a die uch as this atiached to a landing skid c¢r foot. The

t _oe press:s over the duc Jduring impaét and féils in fragments as
shiwn here. This is & Systew fur woricing metal o ts
vitiate strength and throuéﬁ a larqé-percént cf its length.

“he next slide 2 shows the energy dissipation capadbi’.ties
of severcl materials that hLave been used or considered foo use

ir- landing systems. Some of che less efticieat bul readily

adaptanle diusipators, such as the fabric air bao anc aluminum

henzycomb, which absast about 40¢) and bOFO ft-lbs of enaigy

per-pound of materia’, have received considerable attention -

to date. This is to be 2xpect2d because of the ease ¢-
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appli'atidn «nd availtability of these materials. Honeycomb
has been 1ne of the most often suggested energy dissipators
taking many Jrrws, shapes., and sizes and has been proposed
in oﬁe application or another for'most si-acecraft, its .
main discdvantages are .ulk and the fact that it can take
relatively little side lcad. The air bag has also been

proposed in many foiws as a solution for spacacraft iéﬁding

-problems. The fabric air bag lends itself extremely well

lo -torage, as cn a capsule tyne spacecraft where volume is

at a premium, and it it b:7nq used or Mercury. Susceptibiiity
Ty puncture and to side-ioad failure are its mejor disadvar.tages.
The strain  crap, witich etsorbs abort the same 2nergy per

pounc of material as docs aluminum honevcomb, has alsr found
ready applicat.on; ore zase in point heing the <t ut-type

leadr ing ;~ar of Dyna=Soar. The prassurized neta! cylindev

and balsa ~o0od have fairly hi:h eff.ciencice, apsorbing abour

1400C and 24000 ft=1b per pound of materiai. Thess systeis

are bulky to store, «lthough nc more so than horeycomb. Bzlss,
hcweve;, n3s. an vndes reble repound characteristic. The
frangibie metal tute b:s h'gh «fficiercy ab.orbing zhout
371,000 ft=lb ser pound of ZC24=73 aluninum alioy bu' loais
must be appiied along e axis of the tub-., i nd the tube must
be keot suug ajairst ils workitg die. As oeiticied ear’icr
wirk is continuing et Langiry on the fragmnting tul.e proc::e;
Aiignﬁent_is a problem with ¢11 of the systems 24 wnén

#apreciable velocity comporents are involves, either horizontal
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ar vertical or both, some pusitive means of positioning
the energy dissipation elemen* i.. required, ’
Th=2 fol!owin§ slide snows a sketch of a practical

iastaliation f a strain strap in combination with landing

skids, The strain strap ic a —eplaceable element which

* fails by plastic yicld g and the skid moves aft and up

while alignwent t« naintaisrel by the st-ut, Suck a gear e
when used on Dyrna=So r would be retract:d and siored througﬁ
door: ir the iower s.-face ol the wirg :hich serves as the
heat shie%é. fowever, on the Gemini coifig.arion a soewhat

cimilar gear has bsen kept separate Fro the hezt shieid,

Slice 4. please. “re Gew' ni vehicle ha: besn roiated over
In *35 side for landiing and (e Lrieskic larding gear is
sositionad accor=ingiy, Her< the heat siield is urdisturbed
by the iandirg gear. Curraentiy, hyd o' ic shocks are Seing
corsi.ared vor Gemini alttough at least one ''McDonneii™ ran
say.. “hey v. 11 ' a hezvi=r than strain-st-ap dissipa.cry.,

Tha strut arrvarjements shown arc very suitabiv Tor system:
-naving positively cont 7 ted forverd landing dir*ctiong. £rergy
aue 10 vortice) velocity is dissinavzd pr.ccipaily by the
strain s rap ov hydravlic z 'ack ab:ovher :.w most of that due

to korizontal velocity is -iczipated vy fricuicn Jurirg the

lenaing runcut. ‘airly oad runways, or at 1 ast selocted site.,

are regiited for stakility In such lendirge.
Methoas of integratiig the :nergy d1¢sipai .t systen with

configurations tihat ':id an the t.eat shield +r: siwwn in the

18}
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ne~t stides. Tris siide illustrates a passive system that
has received strong coasidaration tor Apo'lo earth larding.
Alumi.ium honeycomb or some. suct mateiia} “wou'd be used

Setwers the heat shield, which is expected to " il=can' -uiing

impact, ard the astronauls' prr3sure compartiment. There is
a very §hort stroke availatic in this system resulting in
accelerations »f about 40 to 50g's our tke capsule qtructqre,
50 couch suppart systems wust Turther attenuate the landing
impact foads. The‘passive system is of interest orimarily
beceise no maliunction in operation can occur prier to usaae

since no exten..inn or doploym:nt of parts is requived. The

foliowing slid: stows another aprivacn taken with Apollo
toward intearating tie 'anding aocar with che compcnents of

the space:raft, 7The hcat shield is extended in this case

o

and shock absaroers are in:t2lled beiween the he-t stield
ard the uppe’ cepsnle, Me set of absorbers shown nere in
an appreximately upr.gnt posicion is used ic dissipate Qer:«
ical loads and another set of abscrbers shown here at an
apwreciabie aﬁg!e us used ti- dissipate horizontal loads,
Both of th§ Auvollo v:rsions shown are erpected to la.d on
the jiound or the heat sﬁield at a nose dovn attitulde a.d
skid and rack o the heat s ield during runo.t, S'ide u“f.
I=. general, ttere are se.eral ways ol dealing weth
vertiualAevergy 4153?pat§on. Scme systems are more efficient
than otters, some packagé befter than others, but a variely

of promising systems arc asailstle. Ha zontal energy dissipati~n
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is, in a way, simpler to deai with than-vertical energy

digsipaticn since translational fricfton is atl fhev is
involved; howaver, ru.out bgcoﬁqs a factor. The right or
wrong combination of lending surface and lanaing speed is
eriti cal du-tng runout and vehicle corfsguratton also enters
the picrare. 7The resu.!s of |nade1uarc y dealiny with th
parameters a~e high accgleratlons, |nstab|laty,<and tur:.~
over. Parachu:ze Eutmdomﬁ systems have m)re'tfoublg with
horizontal ».loc}tv-than do-most.nf the o*her Systems Leca:se
they aren'y dasigned for horizontul velcflty. This is just
as true of cargu dreps as it is o sparec?eft landings and’

it is easy to appre~.ate the p.oblem. The parachuie landings

o)

o7 manne.! veli.cli:s, for example, have beecn plannad at velacities
of about 30 fert pir second vertical with expecfations of

frcn 0 to abuut LI or 60 fect per second hor::on‘al The
norvzcntal velocity is Jue .c the wind and so is rnpred.,table
mak.ng design difricult 37nce a wide ¢ .be¢d range must te

accotted for by th: enefgy dissipaticn syscem. Also, diec-

tion of larding with the parachite s unkrown, <onseguen .1y,

it is disirabie that tne'gnergy dissipation system be umni-
d?rectionalrin behavior and this tco is hard to achieve. - Let
down §ysteﬁ$ thai have a mere or lecs fixed hortzonéél velocity
su-h as the paraglider also have positively controlle’ forward
landcng directicns andeven iraking rocie.-.~siﬂce thgy dc

rot drifc as _;si[y‘with tra wind \as do parachntes) have

more exactly defined design loads, speads, diresctions etc.




The feilowing wovies show some cemditions at waich mod:. v
of various spacecraft tend to turn over cr have.undesirable
bahav ior,

Tre Ei:ggiggxig shows = m&del of {h7 Mercury vehicle
landing or weter at simuleced velocities of 30 feet per second
verricai anc 60 feet per"seéond horizontal. This is a ropeat
run. The turn-over is crimarily the resuit of oo high 2
velocity.-

The nert movie. shows an Apollu type model landing at
velocities simulating 30 °“zet per second vertical and 3C
foec per seco.d horizontai. fir.t a larndirg on sand, gbgh
a landing or. a ha~d surface runway. The tur -ove:r is caused
by the “ofl canning” of the nodel eat shield,

s Mow a model having a four strut landing gear landing at

relatively lmw speeds, 10 fee. per second ver*ical and yf""‘;
feet per second horizontal. Here is a landing o1 A aard ;urface;,

v then a landiig on a soft.powdereé materiai. Perztration and -
pilg—up of the surface mater'~i caused tip=up. *_-

The 17xt szguence of movies show tu-n-overs that aras ot

causedvby norfzontal velocicy or ‘anding surfzce, but Lty

\

”o

vehizle uhape and landiry ar.itude. Here is » skid-rocker
laﬁding of a vehicle vith a c.g. heignt tc base diameter
. "~ ratin of 0.2 Mow a vehizle witn a ratio of 0.2, The landinc
attitude and spred were tie same in hcth bases, Vekiclo

shape or proportions caused tuvneover.
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The next movie sequance chows modei landings of a

Saturn booster simulating peraglider let=dorvi on a smooth, . - -

hard=su-vace fghway. fhe “andng gear s a four st.ut .iluskid

gear, The .aFdfng speedsvaré relatively low céﬁsi&erung the - E
sizé of the vehicle, simulating 80 knots horizontal and 10 * — ?
feet p-: second vertical.<rThu.foI‘uwi;g'méyir sh&ﬁsfa tri- - %
cyeie landing ¢ea - ¢mployihg a wﬁeeled noSé gear anﬁ sk}ds - o ﬁ;;
01 the rain gear. fhere iz littie to choose‘from in V f e - .
tehavior betwecn these geass although we did find some wheel S = f
probiems due to modc design that couid couse ground léops " 'f

o - e 1

2s soown her:. Hovie cff.

The next slids (7) s. ws maximum normat &nd ‘ong’tudi..l
ascelerations for the passiva_éysrem Apoilo confiqur- =ior
durigg landinos on sard at o veriicai .eloeiiy of 30 feet
per seccnd and horizonca: ve'oc.ties of 0 to 50 »et per
secsnid. Herizental velocity had iittle effect on the max: -
mues axceleration, either normal! or iongitidinal as chow~ by
the scotter of the velocity points. lLending 2itituce had
I :tle effect on normal acceleration duve In the digren =f
senatration into the sand. The solic points indic.te test
model turn=cver dnring lwpac:,

the last s)ide 3) jives computed 1imits ¥ <tat iiity for a
skij—rocker landing acar, ‘Compured Tirivs ot & friction
coerficient of 0.4 ard a c.g. heioht to hase diamcle, r-tio

of 0,24 are shcar, T'w stable ragion is belas the —irve-,
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Turr-over would be expected at <onditions above the curves.
The equations of motion show that turn-aver for a skid-rocker
cbufi‘guration is independent of change in horizontal velocity

ard this has beeit substantiaced by model tesis for a range -

- of touchdown speed-. This pilct shows the effect of vecticai

vziacity. The range is well outside that of the model
investigati-on which sim:12ted paraglider landings at vertical
velucities of about 10 feet per secona and lmss. The skid--

réck_er landing method is wmost suited to horizontal type

_landing ard these date shov this. For example, at 10 feet

) pér second there - is a staale range of some 45° in ‘anding

attitude. fn a vertic.l type landing at say 30 feet per
second this stable r.nge 't reduced to anly lZ?.ﬁ Th2 curves
appreoach asymptoti-ally the fr:iction angle. (The friction
angl= is about ~72% for this configuration, and s tre arqic
ghat:thg resultaat o.‘_the f-iition force and the normal force
makes with th- normal axis of the v:eh-I':le. it is also the
angle at which the vehicle would slidé Juring iandiﬁg wi thout
os_cil_lation in.trim.) Slide off.

There ere ceveral probler areas in the landing energy
dissipation s:,'stems beirng used for spacecraft'_recovery. Tnere
are afso regions, or areas, for most systems presently being_‘
considered that result in satisfactory ladding impact. and
:runout. .This is a natural situaticn because éve{-y vehicle.

whethe- it be hel..icopt-er, aiﬁilane. or spacecraft can be

expected 1o be limited somewhat in ianding attitude and speed.
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AGVEDA
MEETING ON SPACE VEH.: - LANDING AND RECOVERY
RESEARCH /.; TECHNOLOGY
NASA Headquarters

July 10-11, 1962
9:00 A.M, EDT

I. “July 10, 1962 - Opening Remarks - J, E. Greene- Headquarters

3

II. Presentation. of Program Summaries from the Centers

‘

Parachute Recovery Systems Design and Devalopment Efforts

Expended on MERCURY-REDSTONE Booster and SATURN 5-1
Stage -* Barraza, R, M, - MSFC

Application of Paragliders to S-1 Booster Recovery for
C-1 and C-2 Class Vehicles - Mc Nair, L. L. ~ MSE9

Recovery of Orbital Stages - Fellenz, D. W, - MSFC

A Raview of Launch Vehicle Recovery Studies - Spears, L.
MSFC ’ : C

A Review of the Space Vehicle Landing and Recovery
Research at Ames - Cook, W, L, = ARQ

Survey of FRC Recovery Research - Drake, H. M. - FRC
Manned Paraglider Flight Tests =~ Hortom, V. W. = FRC
Gemini Landing and Recovery Systems - Rose, R. « MSC

Apollo and Future Spacecraft Requirements and Landing
Systems Concepts - Kiker, J. W. - MsC

T
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July 11, 1962 - Continuation of Program Summaries

JPL Requirements for Spacecraft Landing and Recovery -
Pounder, T., Framan, E., and Brayshaw, J. - JPL

Langley Research Efforts on Recovery Systems =~
Neihouse, A, 1. -~ LRC

Summary of Static Aerodynamic Characteristics of Parawings -
Sleeman, W, C., Croom, D. R,, and Naeseth, R, L. = LRC

Dynamic Stability and Control Characteristics of Parawings -
Johnson, J. L., and Hassall, Jr., J. L. - LRC

Deployment Techniques of a Parawing Used as a Recovery
Device for Manned Reentry Vehicles and Laxge Boosters -
Burk, S. M, =~ LRC

An Analytical Investigation of Landing Flare Maneuvers of
a Parawing-Capsule Configuration - Anglin, E. L. - LRC

Paraglider Loads, Aeroelasticity and Matarials - Taylor, R.T.
-and Mc Nulty, J. F, = LRC

Rotary-Type Recovery Systems - Libbey, C. E., - LRC

Parachute Performance at Supersonic Speeds - Charczenko, N.-
LRC '

Aerodynamic Drag and Stability Characteristics of Solid
and Inflatable Decelerator Devices at Supersonic Speeds -
Mc Shera, J. T. = LRC ’

The Problems of the Energy Dissipation Systems in Space- .
craft Recovery = Fisher, L. J. « LRC
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